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Abstract 
 
This study describes the modified low-cycle fatigue test as a best research tool for evaluation of materials, especially the materials in 
which microstructural inhomogeneities may occur. The method is used to determine the mechanical properties of cast iron inoculated with 
a FOUNDRYSIL master alloy. Based on the results obtained in the conducted studies, it has been stated that parameters determined in the 
MLCF test are satisfactory and at the same time characteristic of grey cast iron with flake graphite. It can be predicted that further 
improvement of mechanical properties will require an adequate heat treatment, which is also expected to contribute  to even higher degree 
of  consistency of the obtained values of mechanical properties. 
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1. Introduction 
 
The inoculation of cast iron, grey cast iron with flake graphite 
in this case, is carried out mainly to obtain such structural changes 
that will ensure the generation of potentially better performance 
characteristics.  The  favourable effect exerted by an inoculant is 
due,  among  others,  to  the  formation  of  a  large  number  of the 
nuclei of crystallisation during metal solidification which, in turn, 
affects the size of both cells and graphite precipitates. Details of 
the  mechanism  by  which  various  inoculants  shape  the 
microstructure and mechanical properties as well as several other 
physico-chemical  characteristics  of  the  inoculated  cast  iron, 
depending on both the quantity and type of the inoculant used, can 
be  found,  for  example,  in  the  data  published  by  ELKEM 
Company on its website [1]. In the study presented here, attention 
was focused, first of all, on the possibilities to assess a complex of  
mechanical properties from the data obtained in a modified low-
cycle  fatigue  test  (MLCF).  The  purpose  of  the  procedure 
described further in this paper and of the results obtained by its 
practical  application  in  the  research  was  to  determine  how 
homogeneous  the  mechanical  characteristics  of  the  investigated 
inoculated cast iron are and whether it can be stated that due to 
the  inoculation effect a favourable change has occurred in these 
characteristics. 
 
 
2. Low-cycle fatigue test and modified 
low-cycle fatigue test (LCF and 
MLCF) 
 
The analysis of mechanical properties in a range of low-cycle 
changing loads in Manson, Coffin and Morrow’s approach [2, 3, 
4, 5, 6] covered also by a Polish standard [7] and known as LCF 
(Low Cycle Fatigue) test consists in tests  carried out under the 
conditions  of  symmetric  loads.  The  load  application  causes 
alternate  tension  and  compression  of  the  specimen  within  the 
range  of  „hypercritical”  stresses,  i.e.  above  the  fatigue  limit, 84                                         A RCHIV ES  o f  F O UNDRY   ENG INEERING   V o l u me  1 1 ,  Is s u e  4 / 2 0 1 1 ,  8 3 - 86 
starting usually with the stress amplitude causing permanent strain 
of  minimum  0,2 %.  With  such  conditions  adopted,  it becomes 
possible to reduce the number of cycles to specimen failure, while 
the results of a test performed on one specimen are expressed by 
one point on the low-cycle fatigue curve (Fig. 1). Hence it follows 
that the results are the more precise, the larger is the number of 
the specimens used in a test. 
 
 
Fig. 1. A fatigue life curve in logarithmic coordinates [3] 
total changes = reversible + permanent 
reversible changes, permanent changes 
 
Practical  application of the LCF test is limited to materials 
characterised  by  good  plastic  properties,  since  the  whole 
measuring range is substantially lying well above the yield point 
[3, 4]. As claimed by a respective standard [7], the test consists in 
subjecting  the  specimens  to  uniaxial  changing  loads  (tension  – 
compression) until failure occurs and in recording during the test 
the  number  of  cycles  and  plotting  the  stress-strain  (force-
displacement) curve in the form of  a hysteresis loop. The test is 
conducted  through control of either stress (force referred to the 
initial  specimen  cross-section),  or  deformation  (of  specimen 
measurement base), or displacement (of loading system).    
When, by means of this method, the critical number of cycles 
is determined for several values of the amplitude, it also becomes 
possible  to  determine  a  number  of  other  criteria  useful  in 
assessment of material,  the upper strain limit included.   
According to the above mentioned researchers, one can write 
the following: 
 
a = K
’ (p)
n’  (1) 
a = 
’
f (2Nf)
b  (2) 
p = 
’
f (2Nf)
c  (3) 
where: 
  a  –  the stress cycle amplitude, 
  
’
f  –  the,  so  called,  fatigue  strength  coefficient 
approximately equal to the tensile strength Rm, 
  f  –  the true permanent strain induced by stress 
’
f 
  2Nf  –  the number of loading cycles to specimen failure, 
  p   –  the  true  permanent  strain  induced  by 2Nf loading 
cycles, where: p = ln ( 1 + k),  and where k  =ltrwałe /l0 , 
  K
’  –  the cyclic strength coefficient,  
  n
’  –  the  strain-hardening  exponent  for  changing  cyclic 
loads, 
  c  –  the fatigue ductility exponent, 
  b      –   the Basquin’s exponent. 
Assuming constant (over the whole stress range up to fatigue 
limit) value of the modulus of elasticity E, the following equation 
can be written down for the elastic strain e:  
 
e = f/E* (2Nf)
b  (4) 
 
Assuming  2Nf  equal to a minimum number of the loading 
cycles that the material is expected to endure under the effect of 
changing  stresses of an amplitude a equal to a fatigue strength 
limit (the „base” number of cycles), the following equation can be 
written  down to allow for total strain (c) after this number of 
cycles and after any lower number of cycles: 
 
c = e + f = e = f/E* (2Nf)
b + 
’
f (2Nf)
c   (5) 
 
It  is  worth  noting  that  to  calculate  the  above  mentioned 
parameters in a low-cycle fatigue test requires the use of 6 to 10 
specimens,  which  raises  problems  in  the  case  of  materials 
structurally inhomogeneous. In its modified form (MLCF) [3, 4] 
this method enables the determination of the same parameters on 
one specimen only. This advantage has been widely discussed in 
other studies [3, 4, 7, 10].  
The fatigue strength Zgo, necessary for the computation of  test 
parameters, is determined from a test curve plotted for different 
material families, starting with pure metals and ending in ferrous 
and non-ferrous metal alloys  [3, 4]. 
 
 
Fig. 2. The curve for fatigue strength determination [3] 
 
 
3. Test material and results 
 
In this study, the fatigue tests were carried out in accordance 
with the MLCF procedure on samples of the inoculated cast iron 
obtained  from  a  melt  made  under  the  conditions  of  a  Pilot 
Foundry of the AGH Faculty of Foundry Engineering. Melting 
was  conducted  in  a  medium-frequency  induction  furnace  with 
graphite-chamotte  crucible  of  a  15  kg  capacity.  The  chemical 
composition  of  metal  charge  weighing  15  kg  was  as  follows: A RCHIV ES   o f  F O UNDRY  ENG INEERI NG   V o l u me  1 1 ,  Is s u e  4 / 2 0 1 1 ,  8 3 - 8 6                                       85 
3.4% C, 1.5% Si, 0.0117% Mn, 0.02% P, 0.004% S. The charge 
material was sorelmetal (12 400g), technical silicon (222.5 g), and 
scrap steel (2375g). As an inoculant, the  FOUNDRYSIL master 
alloy was used in a quantity of 0.6 wt.% respective of the charge 
weight  (90g).  After  melting  the  charge,  the  cast iron melt was 
overheated  to  the  temperature  of  1420
oC,  was  held  at  that 
temperature for 1 minute, and then the inoculation treatment  was 
performed introducing the inoculant to a metal bath, and pouring 
after 2 minutes the ready moulds in which the metal was cooling 
according to a diagram shown in Figure 4. After knocking out of 
castings from the mould, the specimens of dimensions as given in 
Table 1 and a geometry as indicated in Figure 3 were cut out. The 
chemical composition of the ready cast iron specimens after the 
inoculation treatment was as follows: 3.31% C, 2.25% Si, 091% 
Mn, 0.0074% P, 0.0086% S 
 
Table 1. 
Dimensions of specimens used in mechanical tests 
d0 
[mm] 
D 
[mm] 
l0 
[mm] 
l1 
[mm] 
l2 
[mm] 
L 
[mm] 
D 
[mm] 
H 
[mm] 
8  10  40  45  30  125  12  16 
 
 
Fig. 3. Dimensions of specimens used in tests 
 
 
Fig. 4. Cast iron cooling curve 
temperature - time 
 
 
 
 
 
 
 
 
 
Table 2.  
Mechanical properties determined from fatigue tests carried out 
by MLCF technique 
No.  R m  R0,02  R0,2  Zgo  b  c   .max 
2z  205,9  84,3  155,8  54,6  -0,11533  -0,33845  0,00595 
3z  166,5  71,8  121,9  44,2  -0,11518  -0,32651  0,00455 
4z  193,7  82,4  151,0  53,0  -0,11249  -0,33161  0,00683 
5z  169,3  72,7  122,7  44,6  -0,11580  -0,38079  0,00416 
6z  199,4  145,5  160,8  80,0  -0,07935  -0,42493  0,00201 
7z  194,9  158,7  160,5  87,3  -0,06977  -0,32456  0,00105 
8z  184,7  76,3  136,9  48,4  -0,11629  -0,41491  0,00522 
 
The numerical data compiled in Table 2 show that the examined 
cast  iron  inoculated  with  FOUNDRYSIL  master  alloy  shows 
satisfactory mechanical properties characteristic of the cast iron 
with  flake  graphite.  Interesting  is  also  a  small  scatter  of  the 
measured  values  referred  to  individual  samples.  It  seems 
reasonable  to  claim  that the observed scatter might have arisen 
from slight differences in the microstructure, which can be further 
minimised by proper heat treatment. 
Figures  5-8  show  selected  graphs  illustrating the course of the 
modified low-cycle fatigue test: 
 
 
Fig. 5. Relationship s = f  () plotted according to MLCF test for 
specimen designated as 2z 
 
 
Fig. 6. Relationship s = f () plotted according to MLCF test for 
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Fig. 7. Relationship  s = f () plotted according to MLCF test for 
specimen designated as 4z 
 
 
Fig. 8. Relationship  s = f () plotted according to MLCF test for 
specimen designated as 5z 
 
4. Conclusions  
 
1.  The modified method for fatigue strength testing (MLCF) 
allows using one sample only in the determination of both 
static mechanical properties (Rm, R0,02;R0,2; estimated value 
of Zgo) and  characteristics arising from the fatigue strength 
behaviour (b, c, .max). 
2.  By raising the number of crystallisation nuclei, the addition 
of inoculant  contributes to obtaining a satisfactory level of 
all  the  tested  mechanical  properties,  characteristic  of  the 
grey cast iron with flake graphite. 
3.  Further  improvement  of  the  examined  mechanical 
properties expressed by more consistent results obtained on 
the  determined  mechanical  parameters  resulting  from  the 
MLCF test requires proper heat treatment. 
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